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Knowledge of the body condition of birds is essential in studies of energetics, but no technique of estimating condition in the field has yet been developed. Most condition indices are derived from body weight, corrected either for body size in live birds (Harris 1970, Owen and Cook 1977) or carcass analysis (Ankney and MacInnes 1978, Woodall 1978) . Trapping samples of waterfowl without baiting (which would itself affect condition) is difficult, and large samples of dead birds are usually obtainable only in the hunting season.
The definition of condition used here is "the fitness of a bird to cope with its present and future needs" (Owen and Cook 1977) . The ability to survive periods of bad weather or food shortage, to make long migrations, and to breed successfully (Harvey 1971) is related to fat reserves, and fat content gives a good indication of condition as defined above.
Fat is deposited in various sites, and the abdominal (omental) depot is an important one (Hanson 1962) . Although omental fat comprised only 10% of the total body fat in red-billed teal (Anas erythrorhyncha), there was a close correlation (r = 0.955) between abdominal fat and total fat content (Woodall 1978) . Hanson (1962) commented that the abdomen of Canada geese (Branta canadensis) enlarged when large amounts of fat were present. The degree of abdominal enlargement was examined in this study as a possible measure of condition.
This work was part of a population dynamics and energetics study of barnacle geese (Branta leucopsis) wintering on the Solway Firth in northern Britain and breeding in Spitsbergen (Svalbard). The population in 1977-78 had 6,800 individuals, of which some 1,900 (28%) were individually marked with coded plastic leg bands.
METHODS
Observations were made at Caerlaverock during autumn and winter, at Rockcliffe in spring (both on the Solway), and on staging islands in Helgeland, Norway. Three catches were made by using rocket-propelled nets in the 1977-78 season, and profiles were compared with mean body weight. Because 1977 was a poor breeding season, all the data refer to adult geese.
Geese were observed through telescopes, through which the codes could be read at 200 m, and the abdominal profile was classified as straight (1), convex (2), rounded (3), or sagging (4), or as intermediate between classes (1.5, 2.5, 3.5) ( depending on the bird's posture and behavior, each individual was observed for at least 15 seconds before being classified. Because the line of the sternal ridge is used as a guide in assessing abdominal profile, the main requirement is that this should be horizontal. Thus birds should not be assessed while in extreme alert or when the body is tilted downward, for example while grubbing. All observations were on recognized, marked birds so that repeat sightings gave a check on the reliability of classification. Six observers collected the data examined here; each was given drawings, and their classifications were occasionally checked against those made by the author. Geese arriving on the feeding grounds in the morning were empty of food, and their profiles were less rounded. Sixtytwo birds indexed before 0915 (1 hour after arrival on the feeding grounds) in January 1978 were compared with 75 geese assessed later the same day. The early sample had a median index 0.5 points lower than the late one. Of 10 individuals assessed both early and late, 3 were placed in the same category, 6 had each increased 0.5 points, and 1 had increased a full index point. The gut is filled within about I hour after arrival on a feeding ground (Owen 1975); assessments made before then were not included in our comparisons.
RESULTS AND DISCUSSION
Classifications of the same individual geese by the same and different observers were similar (Table 1) . Two-thirds of the allocations of the same observer within 2 days were in the same category, and only 4% differed by a full index point.
The classifications of different observers were only slightly less reliable. Individuals classified 6 or more days apart during a period when geese were gaining weight showed the expected increase in profile index 64% of the time; only 7% were placed in lower categories. This level of consistency justifies the use of intermediate categories in addition to the 4 classes ( Fig. 1) .
Unfortunately, few individuals caught were classified within a few days of any catch. The mean condition index of other marked geese at the time of trapping was Table 1 . Differences between abdominal profile classifications ( Fig. 1) plotted (Fig. 2) against the weight/wing length, a condition index used for mallards (Anas platyrhynchos) by Owen and Cook (1977) . Woodall (1978) found that weight/wing ratio in red-billed teal correlated better with total body fat (r = 0.857) than did body weight (r = 0.748). The correlations I found (Fig. 2) were extremely close; although there were too few catches to calibrate the relationship accurately, these correlations do indicate a close linear relationship. The slope of the line for females is steeper than that for males, reflecting the more rapid weight gain for females in spring (mean weight of females in October was 88% of that of males, compared with 91% in April).
Classifications of male and female barnacle geese throughout the 1977-78 season document the value of the index (Fig.   3 ). The index increased rapidly in autumn when the birds were feeding on high-energy foods such as white clover (Trifolium repens) stolons and seeds. It decreased to a slightly fluctuating winter level in November, and responded when vegetation was growing in December. As soon as spring growth commenced, the index increased and the lines for male and female diverged. This corresponded to the time when paired males began actively defending feeding areas around the females, enabling the latter to gain weight more quickly (Owen, Gullestad, and St. Joseph, unpubl. rep., Wildfowl Trust, 1977) . By the time the geese had completed the 1,600-km migration to the staging area in Norway, the index had decreased. It was calculated that this journey had an energy cost equivalent to 160 g of fat (Owen and Ogilvie 1979). When geese were feeding for >17 hours per day on the staging area (unpubl. data), the index increased at a faster rate than at any other time.
The abdominal profile thus varies predictably with changes in environmental conditions, and fits well with known facts about the feeding and energy budget of the geese. I conclude that the index gives a good guide to the condition of geese in winter and spring. The technique makes it possible to study the effect of condition on breeding success in goose populations, and to monitor the breeding per- Horizontal bars at top of figure indicate when maximum daytime temperature was above 6 C, the threshold temperature for grass growth. Also shown are times of major migratory movements (arrows): (1) Britain to Norway = 1,600 km, and (2) Norway to Spitsbergen = 1,500 km.
formance of marked individuals in relation to their winter and spring condition, without having to catch or kill them. My study involved the assessment of marked individuals only, but the technique could be used to estimate the breeding potential of unmarked populations or to examine the performance of geese on different habitats or sites. For example, a group of greater snow geese (Anser caerulescens atlanticus) in an area where much of the feeding was on agricultural land had higher indices (median test P < 0.01) than those that had, on the same day, fed exclusively on Scirpus marsh.
